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Probing Structure and Dynamics of Externalized Transmembrane Alpha
Helices of S21 Pinholin Protein using Electron Paramagnetic Resonance
Spectroscopy
Daniel Drew.
Chemistry and Biochemistry, Miami University, Oxford, OH, USA.
The last step of the bacteriophage infection cycle is cell death through lysis, the
breakdown of the cell membrane. The mechanism of lysis uses two proteins, a
small membrane protein called the holin and a muralytic enzyme called endo-
lysin. The holin protein of this study is the S21 pinholin, a small hole forming
membrane protein comprised of two transmembrane a-helical domains, TMD1
and TMD2. Only TMD2 is required for membrane hole formation, whereas
TMD1 acts as the active inhibitory domain of TMD2. Therefore, in the mech-
anism of hole formation TMD1 must be externalized from the cell membrane.
Although the function of TMD2 is well characterized there is a lack of infor-
mation regarding TMD1. It is currently believed that TMD1 serves no function-
ality once externalized from the membrane. However, there is substantial
literary evidence suggesting otherwise. It is hypothesized that the externalized
TMD1s interact with each other using the glycine zipper a-helical packing
motif to inhibit any TMD1s from looping over to close off or block the holin
hole once formed. These interactions between TMD1s could also stabilize
the pinhole formation and conformational changes of TMD2 inside the
membrane.
This study will be the first time solid phase peptide synthesis (SPPS) will be
used to make the S21 pinholin protein. The holin proteins will be site-
specifically spin labeled with MTSL and the purity will be confirmed using
MALDI-TOFmass spectroscopy. Next will be to determine the degree to which
TMD1 is externalized through lipid system incorporation and EPR power satu-
ration techniques. This is followed by confirmation of TMD1 a-helical struc-
ture retention post externalization. Finally, externalized TMD1 interactions
will be probed using DEER and ESEEM EPR techniques to measure distances
between neighboring TMD1s.
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Probing the Secondary Structure of Membrane Protein using Bacterial
Expression System and Electron Spin Echo Envelope Modulation
(ESEEM) Spectroscopy
Rongfu Zhang, Indra Sahu, Kaylee Gibson, Nefertiti Muhammad,
Avnika Bali, Raven Comer, Andrew Craig, Megan Dunagan, Kunkun Wang,
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Membrane proteins possess a variety of functions essential to the survival of
organisms. However, due to the inherent hydrophobic property, it is extremely
difficult to gain the structural information. Previously, we probed the structure
of an a-helical component of a small model membrane peptide, AchR M2d, by
detecting 2H modulation from a 2H-labeled Val side chain that was 3 or 4 res-
idues away from a nitroxide spin label using ESEEM spectroscopy. In this
study, for the first time, ESEEM technique was applied to determine the local
secondary structure of a biological membrane protein system using bacterial
expression method for incorporating the 2H-labeled Val side chain both in
micelle and lipid bilayer environment. An integral membrane protein,
KCNE1 with known 3D structure, was utilized as a model membrane protein
to test the feasibility and validity of this ESSEM technique. The side chain
of valine at position 21 (outside domain), 50 (transmembrane domain), and
95 (cytoplasmic domain) was 2H labeled (denoted as ith position). An
MTSL nitroxide spin label was positioned at 2, 3, and 4 residues away (denoted
iþ2 to iþ4, respectively) from 2H-labeled Val residue of each domain. Our re-
sults indicated that iþ3 and iþ4 positions have a significant 2H modulation
while 2H modulation is absent at iþ2 position, which is consistent with the
3.6 residue/turn periodicity of the a-helix. These results are also consistent
with the micelle structure of KCNE1. This ESEEM technique was further vali-
dated using the protein incorporated into lipid bilayer of DMPC/DPC bicelle
and the transmembrane domain was probed to be a-helical as well. This
ESEEM technique is very powerful, efficient, and quick to examine the local
secondary structure of any protein system without size limitation.
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Structure and Activity of the Outer Membrane Protein Ail from Yersinia
Pestis
Yi Ding1, Lynn M. Fujimoto1, Yong Yao1, Gregory V. Plano2,
Francesca M. Marassi1.
1Sanford Burnham Medical Research Institute, La Jolla, CA, USA, 2Miller
School of Medicine, University of Miami, Miami, FL, USA.
Yersinia pestis, the causative agent of plague, is a highly pathogenic organism
that spreads rapidly and causes extremely high human mortality. Y. pestis issensitive to a restricted panel of antibiotics, however, it is classified as a Tier
1 Select Agent due to its extraordinary pathogenicity, the potential weaponiza-
tion of aerolized bacteria with bio-engineered antibiotic resistance, and the lack
of an effective vaccine. The outer membrane protein Ail (attachment invasion
locus) is a Y. pestis virulence factor and a prime candidate for therapeutic
development due to its two principal activities in mediating bacterial adhesion
to host cells and promoting resistance to human complement. Here we present
the backbone structure of Ail, determined by NMR spectroscopy in detergent
micelles. We also describe activity assays that provide information about the
interactions of Ail with its human ligands. Furthermore, we present the results
of NMR and activity studies performed with Ail incorporated in phospholipid
liposomes and nanodiscs. Overall the data highlight the importance of obtain-
ing structural and functional data in the native-like heterogeneous environment
of the lipid bilayer membrane, where the extracellular loops of the protein can
be solvated by water and the transmembrane barrel is embedded in the hydro-
phobic membrane core.
This research is supported by a grant from the National Institutes of Health
(GM100265). It utilized the NIH-supported NMR Facilities at the Sanford-
Burnham Medical Research Institute (CA030199) and at the University of
California San Diego (EB002031).
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In spite of the importance of membrane proteins (MPs) in many essential
biochemical pathways, there are limited high-resolution structures of this class
of proteins in the Protein Data Bank. This is mostly due to the difficulties in
obtaining well-diffracting crystals, as crystallization phenomena are not well-
understood and crystals are obtained largely by trial-and-error. Our approach
for improving in surfo MP crystallization is focused on the critical micelle con-
centration (CMC) of surfactant monomers and their interaction with common
precipitating agents, including poly(ethylene) glycol (PEG) and 2-methyl-
2,4-pentanediol (MPD). The phenomena were investigated using two model
MPs - reaction center from Rhodobacter sphaeroides and outer membrane pro-
tein X expressed in Escherichia coli. Protein-detergent complexes (PDCs) of
these proteins were studied at molecular and nanoscopic length scales using
multiple techniques, including NMR, isothermal titration calorimetry (ITC)
and small-angle scattering (i.e., SANS and SAXS) under crystallization condi-
tions. We found that surfactant microstructure changes significantly in the pres-
ence of precipitating agents, and the CMC of surfactant monomers increases
due to the favorable interaction with precipitants and additives. ITC dilution
measurements showed an increase in the CMC over a broad range of crystalli-
zation conditions reported in the literature, indicating that precipitants act as
co-solvents of monomeric surfactants. Additionally, NMR and scattering re-
sults suggest the formation of a complex between precipitant and surfactant
molecules and shrinkage in the detergent micelle dimensions, respectively.
Our crystallization trials with model MPs indicate that optimal crystallization
conditions were closely correlated to the detergent concentrations at or slightly
below the measured detergent CMC in a protein-free environment; excess sur-
factant conditions (> CMC) tend to inhibit crystal formation, while lower
surfactant conditions (< CMC) promote aggregation. We propose a rational
design of crystallization trials can be made based on a priori knowledge of sur-
factant CMCs under crystallization conditions.
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Transmembrane-Peptide Structure Formation from Coarse-Grained Sim-
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Tristan Bereau1, Markus Deserno2.
1Max Planck Institute for Polymer Research, Mainz, Germany, 2Department
of Physics, Carnegie Mellon University, Pittsburgh, PA, USA.
Interfacial systems are at the core of fascinating phenomena in many disci-
plines, such as biochemistry, soft-matter physics, and food science. However,
the parametrization of accurate, reliable, and consistent coarse-grained (CG)
models for systems at interfaces remains a challenging endeavor. In this
work, we report recent advancements made toward the description of
secondary-structure formation of peptides in a membrane environment using
CGmodels. By combining a lipid model that can semi-quantitatively reproduce
material properties of a fluid membrane bilayer [1] and a peptide model that is
not biased toward one particular state (e.g., alpha-helix or beta-sheet) [2], the
combined parametrization [3] allows to look at how peptide structure is
affected by the membrane environment on long timescales. We illustrate the
248a Monday, February 9, 2015robustness of the model by folding different WALP transmembrane helical
peptides starting from stretched, unstructured conformations using both simple
canonical simulations and enhanced-sampling techniques [4]. Finally, the
method is used to fold the 50-residue-long major pVIII coat protein (fd coat)
of the filamentous fd bacteriophage. The results show excellent agreement
with experimental structures and atomistic simulations in implicit membrane,
demonstrating that such a protocol can serve as a starting point for better-
refined atomistic simulations in a multiscale framework.
[1] Wang and Deserno, J. Phys. Chem. B 114, 11207 (2010).
[2] Bereau and Deserno, J. Chem. Phys. 130, 235106 (2009).
[3] Bereau, Wang, and Deserno, J. Chem. Phys. 140, 115101 (2014).
[4] Bereau and Deserno, submitted.
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Opening the Lateral Gate of the Rhomboid Protease Couples to Lipid
Binding
Ana Nicoleta Bondar1, M. Joanne Lemieux2.
1Freie Universitaet Berlin, Department of Physics, Berlin, Germany,
2University of Alberta, Department of Chemistry, Edmonton, AB, Canada.
Rhomboid intramembrane proteases dock and cleave transmembrane substrates
within the lipid bilayer. The conformational dynamics of the lipids, substrate
and rhomboid during substrate binding are poorly understood. A particularly
important question is whether during substrate binding the protease must
open a lateral gate - its transmembrane helix 5 - toward the lipid bilayer, and
if so how opening of the lateral gate couples to rearrangements of the surround-
ing lipids.
Experiments on the Hemophilus influenzae GlpG have identified mutations that
either promote or inhibit the catalytic activity of the protease. We thus reasoned
that understanding the conformational dynamics of active vs. inactive rhom-
boids can give insight into the motions compatible with productive substrate
binding.We performed prolonged all-atom simulations of wild type and mutant
H. influenzae GlpG for time scales of up to ~250ns. We find that, relative to the
wild type, in a triple mutant with enhanced catalytic activity the gate helix 5
displaces laterally. This displacement creates an opening at the substrate-
docking site that lipid molecules fill. The strong coupling between lipid and
protease dynamics revealed by the simulations suggests that lipid dynamics
can shape the energetics of substrate binding to the active site.
A-NB was supported in part by the Marie Curie International Reintegration
Award FP7-PEOPLE-2010-RG 276920 and by an allocation of computing
time from the North-German Supercomputing Alliance, HLRN. MJL was sup-
ported by grants from the Canadian Institutes of Health Research, the Alberta
Heritage Foundation for Medical Research, and a Tier 2 Canada Research
Chair.
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High ResolutionModel of HDLWrapped with Tetrafoil apoA-I: A Coarse-
Grained Simulation Study
Venkata Reddy Chirasani, Sanjib Senapati.
Department of Biotechnology, IIT Madras, Chennai, India.
High density lipoproteins (HDL) prevent the formation of plaques in arteries
by transporting excess cholesterol from peripheral tissues to liver for excre-
tion. Hence, elevated levels of HDL is vital in controlling the progression
of cardiovascular diseases (CVD). Inspite of HDL’s preventive role in
CVD, very less is known about its structure and function. Recent chemical
cross-linking and mass spectrometry studies revealed that the core structure
of HDL is wrapped by three to five apoA-I proteins, which influence the bind-
ing of various metabolic enzymes like LCAT and CETP.1 A sophisticated
model of HDL wrapped with four to five apoA-I chains is still missing in
the literature, although some effort has been put forward to design the struc-
ture of HDL wrapped with smaller number of apoA-I chains.2 In the present
work, we propose a model of HDL that resembles the experimentally
measured composition of POPC, PPC, cholesterol, cholesteryl ester and tri-
glyceride molecules. The self-assembled droplet from coarse-grained simula-
tion was subsequently wrapped with four apoA-I chains (tetrafoil model) and
reverse transformed. The lipid-protein interactions and the structural organiza-
tion of lipids in HDL were analysed through multi-microsecond coarse-
grained and united atom simulations. The model is validated by reproducing
various experimentally determined properties, such as the density of HDL,
apoA-I chemical cross links, diffusion coefficients of lipid fractions and order
parameter of lipid acyl chains.
1. Huang et al., Apolipoprotein A-I structural organization in high-density
lipoproteins isolated from human. Plasma Nat. Struct. Mol. Biol.2011, 18 (4)
416-422.
2. Vuorela et al., Role of Lipids in Spheroidal High Density Lipoproteins PLoS
Comput. Biol.2010, 6, e1000964.1254-Pos Board B205
Membrane Association of Synaptotagmin 7 C2A Domain by Molecular
Dynamics Simulations
Nara Lee Chon1, Jack Henderson1, John Ryan Osterberg1, Hanif Khan2,
Nathalie Reuter2, Jefferson Knight1, Hai Lin1.
1Chemistry, University of Colorado Denver, Denver, CO, USA, 2Molecular
Biology, University of Bergen, Bergen, Norway.
Synaptotagmin (Syt) acting as a calcium sensor promotes SNARE-mediated
membrane fusion by docking to target membrane. Here we study the C2A
domain of Syt7, which triggers Ca2þ-dependent release of large dense-core
vesicles in several cell types, by doing atomistic molecular dynamics simula-
tions and Poisson-Boltzmann calculations. The association of the Syt7 C2A
with membrane (POPC:POPS¼3:1) was found accompanied by seesaw-like
movements of the protein, primarily due to two significant interactions: (1)
the electrostatic attractions between the negatively-charged lipid headgroups
and the positively-charged residues in the loops L1-L3 and (2) the hydrophobic
interactions between the lipid tails and a critical phenylalanine residue F167.
Good linear correlation was found between the EPR measured penetration
depth parameters and the theoretically calculated average penetration depths
for a large number of residues.
1255-Pos Board B206
Interplay between Electrostatics and Cation-PI Interactions Governs the
Specific Membrane Binding of Phosphatidylinositol-Specific Phospholi-
pase-C
Hanif M. Khan1,2, Cedric Grauffel1,2, Mary F. Roberts3, Anne Gershenson4,
Nathalie Reuter1,2.
1Department of Molecular Biology, University of Bergen, Bergen, Norway,
2Computational Biology Unit, University of Bergen, Bergen, Norway,
3Department of Chemistry, Boston College, Chestnut Hill, MA, USA,
4Department of Biochemistry and Molecular Biology, University of
Massachusetts Amherst, Amherst, MA, USA.
Bacillus thuringiensis phosphatidylinositol-specific phospholipase C (BtPI-
PLC) is an amphitropic enzyme which cleaves GPI-anchored proteins off the
outer surface of eukaryotic plasma membranes. Amphitropic proteins bind spe-
cifically and transiently to the surface of cell membranes, and their functions
are regulated upon binding. It is commonly acknowledged that non-specific
electrostatic forces are responsible for their long-range interactions with mem-
branes. Using continuum electrostatics calculations we show how, despite hav-
ing an overall negative charge (7e), the charge distribution of BtPI-PLC leads
to favorable electrostatic interactions with anionic membranes. However, the
resulting electrostatic binding free energy, which is essential for membrane
binding, is quite low. Mutation of a single, key basic residue to alanine dimin-
ishes this long range electrostatic contribution making it difficult for BtPI-PLC
to associate with membranes. Once close to the membrane surface, short range
non-specific hydrophobic interactions and specific cation-pi interactions with
the N(Me)3 groups of phosphatidylcholine (PC) lipids of the membrane likely
come into play for BtPI-PLC binding to the membrane surface. 500ns-long all-
atom molecular dynamics simulations of BtPI-PLC docked to mixed bilayers
with varying ratio of zwitterionic lipids indeed confirm this. Finally, we see
that the interplay between long range electrostatics and short range, PC specific
cation-pi interactions governs the specificity of BtPI-PLC for PC rich mem-
brane. Moreover, our results show that BtPI-PLC can achieve favorable electro-
statics interactions with lipid bilayers without having surface-exposed basic
clusters suggesting that such clusters are not always necessary for the regula-
tion of amphitropic enzyme binding.
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Molecular Details of the Mechanism of PS Recognition by TIM Proteins
Javier L. Baylon1, Gregory T. Tietjen2, Ka Yee C. Lee3, Erin J. Adams3,
Emad Tajkhorshid1.
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Accumulating evidence suggests that an immune response can be triggered by
the presence of abnormal lipid components, such as phosphatidylserine (PS), in
the outer leaflet of the cellular membrane. The T-cell immunoglobulin and
mucin domain (TIM) family of proteins recognize PS exposed on the surface
of the membrane. TIM proteins are expressed by numerous cell types, and
despite their close structural similarity, they are involved in triggering different
immune responses. These specific roles have been attributed to different fac-
tors, including differential binding modes of TIM proteins to anionic mem-
branes and their variable sensitivity to lipid composition of the membrane.
In order to study the mechanism of membrane binding by TIM proteins,
we have performed MD simulations of TIM1 and TIM3 employing our
